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A multcenter clinical trial was initiated to test the potential
safety and short-term efficacy of a percutaneous coronary
application of laser balloon
angiopasty, which has been
shows esperimentaly to alleviate the common causes idis-
sedlon, recoil, thrombus) of sabopdmd lumbal results of
conalosal balloon aegloplmty. Fifty-live patients, the
majority (62%) of whom had retlively high risk lesions,
were treated In
10 centers with a laser balloon that was
Idenikal Is Size (3 x 20 mm) to a balloon used for
couveatfonal balloon
augioplWy performed on the same
lesion immediately before Wer balloon angioptaty . One or
mare neodymium:yttdom aluminum gmwet (Nd:YAG)
(1,060 am) laser dames of 250 to 450
J
were each delivered
over a 26 s duration per erpewre. immediately and I day
after leer balloon angioplasty no significant adverse effects
on the arterial lumen were owed In any patient .
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By computerized imp analysis of claeapatrasas W-
Hall conventional balloon sagioplmty failed to achieve a
minimal lvmtnal diweter >1 .5 mm in 14 Patients (25%),
including 3 patients with acute ciosare . However, alter
subsequent laser balloon aagloplady, nidmal londmid d-
ameter exceeded this valve in PA patients including olds
subgroup . Overall, ∎Weal Imminal diameter lanced
from 1 .74 s OA6 u® alter coaveaiand balloon aglo.
phony to 2,32 ± 0.31 mm alter leer baaeon
aagioplmy, (p
< 0.001) with an change found an I day and I month
follow-up angiagrams . 7Lts, Inner balloon any Is a
safe, effective procedure f9r improving lamiml dinembns
after conventional hdoga angioplWy .
(J Am Colt Car"
I490;J6(2f -363)
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The efficacy of percutaneous transiuminal coronary angio-
plasty for lesions successfully crossed with a balloon cathe-
ter has changed little since its introduction in 1977 by
Gruentzig et al . (1-3) .
Potential causes of an initial subopti-
mal angiugraphic result after conventional balloon angio-
plasty include arterial recoil, mural dissection and presence
of thrombus . Although the mechanism of restenosis, a
frequent problem within the fast 6 months after conventional
balloon angioplasty, is unclear, these factors may be con-
tributory . A new catheterization technique termed laser
balloon angioplasty has recently been proposed to address
these potential problems (4-12). During laser balloon angio-
plasty laser energy is delivered in a cylindrical pattern to the
arterial wall in contact with the inflated balloon to hat
0735-10780W.50
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tissues to subvaporization threshold temperatures
. Experi-
mentally laser balloon angioplasty may be used to reduce
arterial recoil, to fuse separated arterial tissue layers and to
dehydrate and remodel thrombus .
We report here the immediate, I day and I month
angiographic results of the first clinical application of laser
balloon angioplasty in a pilot multicenter study . Patients
referred for elective conventional balloon angioplasty were
treated initially with a conventional 3 mm diameter balloon
and laser balloon angioplasty was attempted immediately
after with a balloon of the same dimensions . Computerized
image processing of digitized cine frames for quantitation of
absolute luminal diameter was used to evaluate both the
relative immediate efficacy of laser balloon angioplasty com-
pared with conventional balloon angioplasty and the long-
term efficacy of the procedure .
Methods
Study centers . Between March 10, 1988 and March 1,
1989 the feasibility of performing laser balloon angioplasty
immediately after conventional balloon angioplasty with a
balloon of identical dimensions was tested in 58 patients .
Approval to initiate a percutaneous coronary clinical appli-
cation of laser balloon angioplasty was obtained from the
internal review boards of Harper Hospital and Wayne State
University and an application for an investigative device
exception from the Food and Drug Administration for a 15
patient-phase 1 use of the prototype catheter/laser delivery
system was approved before use . A similar phase 11 trial was
subsequently initiated after local investigational review
board approval at Harper HospitallWayne State University
and at the following sites : Sir Charles Gairdner Hospital .
Toronto General Hospital, St . Antonius Ziekenhuis, The
National Heart Hospital, Foothills Hospital, Centre Hospi-
lalier Universitaire Vaudois, Texas Heart Institute/St .
Luke's Episcopal Hospital, Beth Israel Hospital and Emory
University .
Patient selection. Medically stable patients referred for
elective conventional balloon angioplasty with the anticipa .
tion of the need for a 3 mm diameter conventional balloon for
treatment of a single lesion were considered candidates for
laser balloon angioplasty with the following exclusion crite-
ria : age ? 75 years, serum cholesterol > 275 mg/dl, left main
coronary artery and midvein graft lesions or presence of
more than one lesion with >51i% diameter stenosis in the
artery of interest . Many of the patients were referred for
entry into the study because of anatomically difficult or
recurrent lesions
. An attempt was made to perform laser
balloon angioplasty in all 58 patients enrolled in the study
immediately after completion of conventional balloon angio .
plasty irrespective of the degree of angiographic success of
the latter
. Diagnostic coronary arteriography was performed
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at least I day before the procedure in each case and informed
consent was obtained on the day before the procedure .
Conventional balloon angioplasty. Each patient was
treated initially with balloon angioplasty in a conventional
manner and an attempt was made to achieve an optimal
angiographic result with the conventional technique alone.
All lesions were crossed with 0 .036 cm (0 .014 in .) guide wire
and a USCI Simplus, Mini or Profile Plus 3 mm balloon was
advanced through an 8F guide catheter and inflated in the
stenotic segment at least three times in each case to 4 to 10
arm for 30 to 60 s per inflation with at least one 60 s inflation
.
The balloon catheter was withdrawn from the guide catheter
and, if a satisfactory angiographic result (defined as <50%
residual stenosis) was not achieved, the balloon catheter was
readvanced across the lesion for at least one additional 60 s
inflation before permanent removal from the guide catheter .
Conventional balloon angioplasty was defined as successful
when a minimal luminal diameter > 1 .5 mm was achieved as
determined by objective analysis of the cineangiogram .
Laser balloon angloplasty
catheter/law
delivery system.
The mechanical function of the Spears/USCI laser balloon
catheter is similar to that of a conventional Simplus balloon
catheter in terms of balloon size (3 x 20 mm), balloon
material (polyethylene terephthalate), flexibility and track-
ability over standard guide wires that are movable through
the 0.053 cm (0 .021 in.) central channel . A third lumen of the
catheter provides entry of a 100 Am core silica fiber optic
into the balloon . The fiber optic has a helical diffusing tip that
provides a roughly cylindrical pattern of radiation over the I
cm long midportion of the balloon (Fig . 1).
A 50 W continuous wave Nd :YAG (neodymium :yttrium
aluminum garnet) prototype air-cooled laser delivery system
(Quantronix) was used to deliver laser radiation at 1,060 nm
into the fiber optic. Before use the power output from both
tha laser and the fiber optic coupled to the laser was
calibrated to ensure delivery of a programmed 20 s stepwise
decremental dose under computer control . Customized
safety mechanisms incorporated in the laser delivery system
during irradiation included an automatic shutoff switch acti-
vated by a thermal sensor used to detect an improperly
functioning fiber optic, such as after mechanical fracture .
One offive different laser doses was usedfar each patient
during the study (Table 1) because in vitro testing of a
multidose laser balloon catheter available after completion
of the phase I trial demonstrated that slightly lower doses
than those used in the first 27 patients would he associated
with peak tissue temperatures (measured with a thermister at
37'C in arteries bounded by myocardium) that have been
found to be more optimal experimentally (10) .
Performance of laser balloon angioplasty . Before use the
laser balloon was filled with metrizamide (Amipaque, Ster-
ling Drug), and deuterium oxide (Merck), a relatively non-
toxic isotope of water (13), at an icline concentration of 15
g/dl before use. The low absorption of 1,060 per, radiation by
JACC Vol
. 16. No . 2
August 1990293-303
Figure L Laser bailoon ungioplasty cathe-
ter. The balloon size (3 x 20 mm) . material
(polyethylene tercphtholate) and mechanical
function of the Spears/USCI laser balloon
catheter are nearly identical to a conven-
tional balloon angioplasty catheter (USCI
Simplus). A 100 trm cure silica fiber optic
terminates in a helical diffusing tip for ef-
fecting a roughly cylindrical pattern of emis-
sion of continuous wave 1,060 nm neodym-
ium :yttrium aluminum garner laser radiation
that is transmitted coaxially with a red hell .
am-neon reference beam.
deuterium oxide compared with water enhanced transmis-
sion of laser energy through the inflated balloon so that
>80% transmission efficiency across the entire catheter
delivery system could be anticipated . In vitro measurement
of the pattern of 1,060 am radiation emission from the
balloon demonstrated a 30% to 50%a variation in intensity
azimuthally about the I cm midportiun of the balloon surface
and a Gaussian distribution of intensity axially .
The laser balloon catheter was advanced over the 0 .036 cm
exchange length guide wire across the lesion previously dilated
by the conventional 3 mm balloon . Because of severe burning
pain experienced during laser irradiation by fclient I, subse-
quent patients were anesthetized for 5 to 10 min with either
methohexital sodium (Brevital), a morphine analogue, or pro-
pafal during the period of laser exposure. However, patients
treated after November 11, 1988 (n = 11) with a dose of 25
W-15 W-12 W or less were not anesthetized but were given
intravenous fenmnyl citrate, intravenous morphine sulfate or
no medication for analgesia
. These patients reported mild to
moderately severe transient (15 s) discomfort during laser
Table 1 .
Laser Dose Refinement During the Observational Trial
2
	
18 w/5 5-12 W15 5-10 W/10 s
*All panenu received laser power in a
20, stepwise decremcntal fu-m,
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n5°c
irradiation, which was similar to the severity of angina experi-
enced during conventional balloon inflation .
To prereirl potential
coagulation
of
blood within small
(<I nun) branches adjacent to the inflated balloon during
laser exposure, 10 to 20 ml of normal saline solution was
injected through the guide catheter during initiation of bal-
loon inflation at a flow rate similar to that used for angio-
graphic filling of the vessel 12 to 3 falls) . A normal saline flush
of approximately 0.25 ml/s was also employed through the
central channel of the laser balloon angioplasty catheter to
prevent excessive heating of the guide wire during laser
irradiation. Because of a brief episode of ventricular fibril-
lation . which occurred 39 s efber laser exposure in Patient I
and appeared to have resulted from excessive flushing of
saline at room temperature, the normal saline solution used
to flusn the catheters in all subsequent patients was warmed
to 37
°
C
. oxygenated and supplemented with 4 mEgliter
potassium chloride, all in an attempt to reduce any arrhyth-
mogenic effect of saline infusion .
Within 5 s after full inflation of the balloon to 4 arm, the
20 s programmed laser dose was initiated. Balloon inflation
was maintained for 30 s after termination of laser exposure to
ensure return of arterial tissue temperature to baseline
values before balloon deflation was performed. Patients
were given heparin . 10.000 U, immediately before the pro-
cedure and were maintained on heparin to achieve a partial
thromboplastin time of approximately twice normal over-
night. After a repeat coronary cineangiogram and left ven-
triculography the next morning, heparin was discontinued
and the femoral sheaths were removed 4106 h later
. Patients
were discharged 2 days after the procedure on aspirin, 325
mg per day, and dipyridamole, 75 mg three times a day . As
Patient
No. No. 20sLaserDasc •
Peak In Vitro
Temperature
1o111'C)
I iu 13 13 35 W75 5-25 W/5 s-15 W/10 s L1S°C
14 to 27 14 30 W15 5-18 WJS s-14 54110 s Ils.c
201055 23 25W/5s-15W15s-12W/IOsor las°c
3 20W15s-I4Wl51-IOW/l0sor 90-c
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in the usual anticoagulation regimen after conventional bal-
loon angioplasty at St
. Antonius Ziekenhuis, patients treated
there (n = 4) were given warfarin for 6 months and 325 mg
aspirin per day.
Angiographic assessment
. The angle, skew and table and
image intensifier height used for the initial optimal cinean-
giographic view of the lesion of interest were recorded
before conventional balloon angioplasty so that identical
views and magnification could be used for angiograms
obtained after conventional balloon angioplasty, immedi-
ately after laser balloon angioplasty, at I day and, for the
first 30 patients, at I month after the procedure . Computer-
ized image processing of digitized cine frames performed in
an unmasked manner at a core facility at Wayne State
University was used to quantitate luminal dimensions with
an accuracy of ~to0 yam and a reproducibility between
sequential cineangiographic studies of <_200 Jam (14-16) .
Diameter measurements of the fully inflated 3 mm balloon
were used as a reference to obtain absolute diameter mea-
surements.
Clinical assessment. On the day before and after the
procedure and at I month after the procedure, historical
information was obtained including Canadian Heart Associ-
ation functional classification and characteristics of anginal
symptoms. A 12 lead electrocardiogram (ECG) was obtained
at each time interval
. Myocardial isoenzyme determinations
were made before and 8 to 24 h after the procedure and
myocardial function was evaluated by left ventriculography
performed before, l day after and, for the first 30 patients, l
month after the procedure. Ejection fraction was determined
from a single plane right anterior oblique view with manual
delineation of end-systolic and end-diastolic silhouettes .
Anglographlc data reduction . The minimal luminal diam-
eter within the laser-irradiated segment and the luminal
diameter of an
adjacent reference segment were extracted
from each angiogram . Percent diameter stenosis was calcu-
lated as 100(Reference segment diameter - Minimal luminal
diameter)/Reference segment diameter
. Procedural success
was defined as one associated with a minimal luminal diam-
eter >1 .5 mm.
Statistical analysis . Data are expressed as mean values
I SD. Minimal luminal diameter, reference segment diam-
eter, percent diameter stenosis and ejection fraction were
analyzed using analysis of variance for repeated measures
.
When the result was statistically significant (p < 0 .05),
appropriate pairwise comparisons were made using Tukey's
Studentized range test to control the experi :nentwise error
rate
. The unpaired Student's t test was used to compare
patients who had postconventional balloon angioplasty min-
imal luminal diameter s1
.5 mm with those having postcon-
ventional balloon angioplasty minimal luminal diameter > 1
.5
mm .
Table 2. Baseline Clinical Characteristics of 55 Patients
JACC Vol. 16, No. 2
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CABG = coronary artery bypass grafting : CHA = Canadian Hear
Association : PTCA = percmaneous transluminal coronary angiopla ty
.
Results
Technical success in the completion of a laser balloon
angioplasty procedure defined as delivery of a ? 10 s laser
dose was achieved in 55 of the 58 patients entered into the
study and data related to these 55 patients are shown in
Tables I to 3 and in Figures 2 to 8 .
Baseline clinical and lesion characteristics (Tables 2 and 3).
Of the 55 patients in whom laser balloon angioplasty was
technically successful, 12 (22%) had a history of postcon-
ventional angioplasty restenosis of the lesion of interest, 16
(29%) had either two or three vessel coronary artery disease
and 7 (13%) had a history of coronary artery bypass surgery .
All but 14 patients (74%) were in functional class Ill or IV
immediately before laser balloon angioplasty.
Table 3 . Baseline Coronary Lesion Characteristics in 55 Patients
No. %
Disease type
Single vessel 39 71
Multivessel 16 29
Lesion location
LAD 20 36
RCA 18 33
LCx 12 22
Ramus 3 5
OM 2 4
Lesion type
A 21 38
B 30 55
C 4 7
-See Reference 17 for lesion classification . LAD = left sotertor descend-
ing coronary artery: LCx = left circumflex coronary artery : OM =
obtuse
marginal
branch : RCA = fight coronary artery.
No . %
Gender
Male 40 73
Female 15 27
Age lyears)
40 to 49 9 16
50 to 59 24 44
60 to 69 22 40
History
Prior myocardial infarction 19 34
CABG 7 13
PICA an study lesion 12 22
CHA class (angina)
1 2 4
11 12 22
111 25 45
IV 16 29
JACC Vol. 16. No . 2
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Figure 2. Minimal luminal diameter over time (mean ± I SD) in 55
patients after conventional balloon percutaneous transluminal cor-
onary angioplasty (PTCA), laser balloon angioplasty ILBA) pro-
duced a significant (p < 0 .001) increase in minimal luminal diameter
irrespective of whether the latter was 51 .5 mm or >1 .5 mm after
conventional balloon angioplasty . Minimal luminal diameter (Dmin)
after laser balloon angioplasty exceeded 1
.5 mm in all cases and
mean minimal luminal diameter did not change significantly I Jay
and I month after laser balloon angioplasty compared with the
immediate result
. The two numbers in parentheses at each time
interval refer to the number of patients with a minimal luminal
diameter (Dmin) s 1 .5 mm and > 1 .5 mm. respectively, after angio-
plasty.
Twenty-one (38%) of the lesions treated will, laser bal-
loon angioplasty were classified as type A according to
definitions established by an American College of Cardiolo-
gy/American Heart Association task force
(17)
.
Eccentricity,
length >1 cm, calcification and ostial location (n = 4)
accounted for classification
of type B lesions (55%) . Lesions
Figure 3. Change in posrconventional balloon angioplasty minimal
lemma! diameter immediately after laser balloon angioplasty (A
Dmin) plotted against postconventional balloon angioplasty minimal
diameter (Post PICA Drain) . An inverse linear relation was found .
SPEARS ET AL . 297
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Figure 4. Reference luminal diameter over time (mean t I SD)
. No
significant change in the reference Iaminal diameter was found .
Abbreviations as in Figure 2 .
>2 cm (n = 4) accounted for all of the type C lesions treated
(7%).
Conventional balloon aogioplzuty. The lesion of interest
was successfully crossed with a deflated conventional USCI
3 mm balloon catheter over a 0
.036 cm guide wire in all 58
patients entered into the study
. In some patients a smaller
balloon was first used to cross and dilate the lesion because
of initial difficulty in crossing with the 3 mm balloon.
Conventional balloon angioplasty immediately produced a
successful angiographic result (>1 .5 mm minimal diameter)
in 41 patients (75%)
. Immediately after conventional balloon
angioplasty in eight patients (14%) angiographic evidence
of
a prominent dissection was found as defined by a dissection
that appeared to progress over a 10 min period of observa.
lion or one that resulted in a >50% stenosis of the true
Figure 5 . Percent diameter stenosisover time (mean ± I SD)
. After
laser balloon angioplasty, a significant reduction
(p
< 0 .001) in mean
percent stenosis was found compared with mean percent stenosis
after conventional balloon angioplasty with no significant change at
I day and I month after the procedure
. Abbreviations as in Figure 2 .
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Figure 6. Treatment of arterial dissection
with laser balloon angio-
plasty . After conventional balloon angoplasty of a severe stenosis
in a circumflex coronary artery (A), a severe dissection persisted
despite repetitive I min balloon inflations (B) . After three laser doses
the dissection was eliminated resulting in a marked increase in true
luminal diameter (C, arrow).
JACC Vol . 16, No. 2
August 1990:293-303
Figure 7. Reversal of postconventional balloon angioplasty acute
closure with laser balloon angioplasty . Within 10 min of conven-
tional balloon angioplasty of a midleft anterior descending coronary
artery stenesis (A), a dissection resulted in acute closure (B, arrow) .
The false lumen was obliterated after laser balloon angioplasty with
two laser exposures (C, arrow) .
JACC Vol. 16. No . 2
August 1990:293-303
Figure 8. Treatment of luminal defect with laser balloon angie-
plasty. Conventional balloon angioplasty of a radiolucent Rap
(A)
resulted in minimal improvement (B, arrow) . After subsequent laser
balloon angioplasty, the flap was no longer apparent (C, arrow).
Thermal fusion of tissues or desiccation of a thrombotic component,
or both, may have accounted for the improvement .
SPEARS ET AL .
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lumea
. In three patients (5%) dissections 2 to 8 cm in length
resulted in acute closure that was associated with an ECG
epicardial injury pattern and hemodynamic instability in
each patient .
Laser balloon angioplasty
. Of the 55 patients in whom
laser balloon angioplasty was technically successful, 51
required one to three laser exposures and a procedure time
of 10 to 30 min to treat the full extent of the lesion o€interest .
A relatively large number of laser exposures (6 to 13) were
given to four patients for long lesions or for long dissections
propagated by the conventional balloon angioplasty portion
of the procedure.
All 55 patients had a successful angiographic result (min-
imal diameter >1
.5 mm) after laser balloon angioplasty
including all patients with an unsuccessful conventional
balloon angioplasty result (Table 4, Fig . 3 to 8).
Mechanicaf fracture of the fiber optic within the balloon
with activation of the thermal safety shutoff mechanism
either during in vitro testing or attempted in vivo exposure
was responsible for the three technical failures
. None of
these patients demonstrated a detectable change in the
satisfactory angiographic result after the aborted laser bal-
loon angioplasty procedure.
Angiographic results
. In all patients with an unsuccessful
conventional balloon angioplasty angiographic result (n =
14) from a dissection (n = 8), including the three patients
with acute closure, or from suspected thrombus (n = 3), a
satisfactory laser balloon angioplasty result was subse-
quently obtained. Dissections induced by conventional bal-
loon angioplasty invariably showed no evidence of propaga-
tion during a 10 min period of observation after laser balloon
angioplasty and the severity of the dissection was reduced
modestly in four patients and markedly in the other four
patients
.
For the 55 patients in whom laser balloon angioplasty was
technically successful the mean minimal luminal diameter of
the laser-irradiated segment increased from 0 .67 t 0.25 mm
before conventional balloon angioplasty to 1 .73 t 0.57 mm
immediately after the procedure (p < 0 .001) . Immediately
after laser balloon angioplasty the mean minimal luminal
diameter increased significantly (p < 0 .001) to 2
.27 l 0.33
mm with no significant change (p > 0 .05) at I day (2.27
0
.39 mm) and I month (2 .39 ± 0.35 mm) after the procedure .
The magnitude of immediate improvement was not statisti-
cally different (p > 0 .05) between different laser dose groups .
Fourteen patients had a minimal luminal diameter <_t .5
mm after conventional balloon angioplasty (mean 1
.07
0.59 mm)- After laser balloon angioplasty all of these pa-
tients had a minimal luminal diameter >1 .5 mm with a
significant (p < 0 .001) increase to a mean of 1 .99 ± 0 .31 mm,
which was unchanged (p > 0
.25) at I day and I month after
laser balloon angioplasty . For the 41 patients with a minimal
luminal diameter >1 .5 mm after conventional balloon
angioplasty (mean 1 .96 ± 0.33 mm), a significant (p < 0 .001)
300
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Table 4 . Angographic Lundnal Diameters and Percent
Stenos, (Mean t I
SD) Before and After Conventional Balloon Percutaneous
Translumieal Coronary Angoplasty (PICA) and Laser Balloon Angoplasty (LBA)
increase immediately after laser balloon angioplasty (mean
2.36 ± 0 .29 mm) was also noted . Overall the increase in
minimal luminal diameter after laser balloon angioplasty
was
inversely proportional to the minimal luminal diameter after
conventional bailouts angioplasty (Fig. 3) . The mean im-
provement for patio ins treated with the two high
laser doses
was similar to that for patients treated with the
lower doses
in an unpaired Student's t test comparison (p > 0 .10). The
mean reference diameter adjacent to the irradiated segment
(3 .00 ± 0.34 mm) did not change significantly (p > 0
.10) after
either conventional balloon angioplasty or at any time after
laser balloon angioplasty.
Mean percent diameter stenosis decreased from 78 ± 8%
before the procedure to 43 ± 18% after conventional balloon
angioplasty (p < 0 .001) with a further significant
reduction
immediately afterlaser balloon angioplasty to 26
± 11% (p <
0.001). The mean values for percent stenosis
I day (26 ±
11%) and I month (23 ± 14%) later were not significantly
different from the acute laser balloon angioplasty results .
After laser balloon angioplasty the
mean improvement in
percent stenosis was significantly greater for patients
with a
minimal luminal diameter of <_1
.5 mm after conventional
balloon angioplasty (31%) compared with those with a >1 .5
mm result (12%) (unpaired r test, p < 0
.02) .
Complications (Table 5). Except for Patient I in whom
ventricular fibrillation appeared to have resulted from exces-
sive injection of room temperature saline, no other sustained
arrhythmias occurred during laser balloon angioplasty . The
ventricular arrhythmia in Patient I was converted to normal
Table S
. Complications During and After Conventional Balloon
Percataneous Translunsinal Coronary Angoplasty (PTCA) and
Laser Balloon Angoplasty (LBA) in 55 Patients
sinus rhythm within 5 min of cardiopulmonary resuscitation
and no evidence of myocardial infarction by ECG, myocar-
dial enzymes and left ventriculography was found in this
patient . In two other patients transient bradycardia and
hypotension were reversed with strop. n e .
Although total serum creatine Idnase levels were slightly
elevated in one patient and myocardial
isoenzyme levels
were slightly elevated in three patients within 24 h after the
procedure, there was no ECG evidence of myocardial in-
farction in any of these patients
.
In one patient a mild
stenosis distal to the laser balloon-treated lesion was notably
worse on the I day follow-up angiogram after a guide
wire-induced dissection had been induced
at this location
during the procedure
. With this exception, no patient
before
hospital discharge developed recurrence
of anginal symp
toms or ECG evidence of myocardial ischemia .
One patient
was found on a routine I day follow-up angiogram to have
partial recurrence of a dissection that had caused closure
immediately after conventional balloon angioplasty and had
been sealed by laser balloon angioplasty ; this patient re-
quired nonemergency coronary bypass surgery before hos-
pital discharge . Except for these two patients, no patient was
found to have a >50% diameter stenosis in the vessel of
interest on the I day follow-up angiogmm. In the subset of 13
patients with left ventriculograms available before and after
laser balloon angioplasty, no deterioration in ejection frac-
tion from the baseline mean of 64 ± 10% was found .
Within 3 months after laser balloon angioplasty three
patients sustained a myocardial infarction
. In one patient 3
weeks after laser balloon angioplasty a large septal branch
proximal to the laser-exposed segment of the left anterior
descending coronary artery was found to have a thrombus
Table 6 . Effect of Prior Conventional Balloon Percutaneous
Transluminal Coronary Angioplasty (PTCA) and Laser Dose on
Clinical Restenosis in 55 Patients Followed Up for >6 Months
After Laser B alloon Angioplasty (LEA)
Prior PICA of No Prior PICA
Laser Dose Study Lesion
ofStody Lesion
overall
High doses 415 (80%) 14122(64%) 1&27 (67%)
(380, 4501)
Low doses 41707%) 6/21(29%) 10,28(36%)
(250
to 320 J)
Combined
8112 (67%) 20143(46%)
28155 (51%)
Before
PICA
After
P11CA After LBA
I Day
After LBA
I Month
After LBA
Minimal diameter (mm) 0 .67 t 0.25
1
.73 t 0.57 2 .27 t 0.33 2 .27 t 0.39
2.39 t 0.55
Reference diameter (mm) 3 .00 t 0.34 3 .03 ± 0.32 3 .05 t 0.26 3 .08 ± 0.40 3.10 t 0.37
St-is (%) 77 .7 t 8.1 42 .7 t 18.1 25 .6 t 10.5 26.0 m 10.7 22.5
t
14 .3
Complication
During
PICA
During
LEA
After
Procedure
After
Discharge
Intimsllemlcoronary
8 1 I 0
dissection
Acute closure 3 0 0 0
Coronary embolism 0 0
I
0
(transient)
Tmnsienthypolension 1 2 0 0
Ventricular I 1 0 0
fibrillation
Myocardial infarction 0 0 C 3
Death 0 0 0 0
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distal to a chronic ostial stenosis of the branch . The two
other patients, both of whom had a recurrent restenotic
lesion, had an occlusion of a right coronary artery in its
midportion 2 to 3 months after laser balloon angioplasty .
During laser balloon angioplasty in one of these patients the
last of three laser doses was interrupted by the thermal
shutoff device and a postconventional balloon angioplasty
dissection that had improved after the first two laser doses
appeared slightly less improved after the final balloon infla-
tion and aborted laser dose . The other patient was seen
initially with a large, chronic false lumen adjacent to the
stenotic segment as a result of a previous conventional
angioplasty procedure . The false lumen was markedly re-
duced after laser balloon angioplasty but the minimal luminal
diameter I day after the procedure was only 1.65 mm. The
anticoagulation regimen of all three of the patients with
myocardial infarction in the follow-up period consisted of
aspirin and dipyridamole alone . No postin arction complica-
tions occurred in any patient . Except for the patient with the
septa) infarction, all patients treated with laser balloon
angioplasty were in functional class I or II at a clinical I
month follow-up .
Clinical restmosls . Although the current study was not
designed to examine the effect of laser balloon angioplasty
on the incidence of restenosis, clinical follow-up data are
available on all 55 patients for a minimum of 6 months after
the procedure . Restenosis was defined as a recurrence of
anginal symptoms, a positive ECG stress test or an angio-
graphic diameter stenosis 050%. For the entire group of
patients an overall restenosis incidence rate of 51% was
found. The rate of restenosis was relatively high (67%) in
patients treated with the 35 W-25 W-15 W and 30 W-18
W-14 W doses as well as in patients with a previous history
of restenosis at all dose levels (67%). The left anterior
descending coronary artery, in particular, had a high rate of
restenosis at the two higher laser doses used in the first 31
patients. When recurrent restenotic lesions and lesions
treated with either of the two higher laser doses were
excluded from the analysis, the incidence of restenosis was
lower (29%).
Discussion
The application of intraluminal distending pressure is the
basis for the beneficial effects of conventional balloon angio-
plasty. Despite the various ways such pressure can he
applied, conventional balloon angioplasty fats to be effica-
cious for many patients probably because of
limitations
inherent in the use of this one physical mechanism to
remodel the arterial lumen.
Anglographic results . In the present study conventional
balloon angioplasty increased the minimal luminal diameter
to >1 .5 mm in only 75% of patients despite multiple I min
inflation with a 3 mm balloon
. Although this success rate is
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lower than that reported in the National Heart, Lung, and
Blood Institute Registry
(3), the definition of angioplasty
success in the latter required only a 20% reduction in the
severity
of diameter percent stenosis, which approaches the
minimal change visually perceptible (18-20) . When astricter
definition is used, such as a 40% reduction of percent
stenosis severity, a comparable success rate (67%) has been
found by others (21) .
Thus, despite the relatively large
proportion of difficult lesions (types B and C) treated in the
present study, this conventional balloon angioplasty success
rate compares favorably with rates reported by others
.
After laser balloon angioplasty in the unsuccessful con-
ventional balloon angioplasty group, the minimal luminal
diameter increased to >1 .5 mm in all patients in the group
with a mean result of 1-99 ± 0 .31 mm, which is similar to the
results of successful conventional angioplasty in Other stud-
ies where computerized image processing was also used to
quantitate luminal dimensions (22-23) . Although the mean
minimal luminal diameter after successful conventional bal-
loon angioplasty in the present study (1 .96 ± 0.33 mm) was
also similar to that of others, subsequent laser balloon
angioplasty nevertheless resulted in a significantly greater
value (2 .36 '- 0.29 mm). In general the degree of luminal
diameter improvement afforded by laser balloon angioplasty
was inversely proportional to the minimal luminal diameter
following conventional balloon angioplasty (Fig . 3) . The
increase in minimal luminal diameter after laser balloon nag o-
plasty in both the successful and unsuccessful conventional
balloon angioplasty groups is significant considering the preci-
sion and reproducibility of the computerized image processing
technique used (14-16) . Although masking was not employed
in the present analysis, recent short-term results of a random-
ized trial (24) in which masking was employed are similar to the
results reported here. That the increases were not transient in
the present study is demonstrated by the observation that no
change in the mean luminal diameter occurred at 1 day and I
month after the procedure . Moreover, all but one of the laser
balloon angioplasty-treated patients at the time of hospital
discharge were free of angina without further cardiac interven-
tion related to the study lesion, providing clinical confirmation
of the uniformly successful postlaser balloon angioplasty angio-
graphic result .
Mechanism of improvement with laser balloon aaglo-
plasty
. For patients with unsuccessful conventional balloon
angioplasty severe arterial dissections were frequently
found
. Reduction of the severity of dissections by laser
balloon angioplasty appeared to have accounted for most of
the improvement in luminal dimensions and morphology in
this group, which included three patients with acute closure.
As has been shown experimentally, thermal fusion of sepa-
rated tissue layers during laser exposure most likely was
an
important tissue effect in this regard
. Reduction of arterial
recoil by laser balloon angioplasty, on the other hand,
appeared to be the predominant mechanism of the modest
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improvement in minimal luminal diameter in patients with
successful conventional balloon angioplasty, none ofwhom
had a prominent severe dissection . However, it should be
noted that both mechanisms may be important in the treat-
ment of a severe dissection because shear stresses at the
plane of separation Or a rigid neointimal plaque and adjacent,
more compliant layers may contribute to propagation of a
dissection on balloon deflation as a result of excessive
arterial recoil . At present the relative potential roles of a
reduction of vasomotor tone and remodeling of passive
viscoelastic properties of the arterial wall (25,26), both of
which may favorably affect arterial recoil after laser balloon
angioplasty, have not been well defined .
Another important tissue effect of laser balloon angio-
plasty that appeared to have occasionally improved the
postconventional balloon angioplasty angiographic result
was desiccation and remodeling of thrombus
. A thin layer of
dissected thrombotic residue found adhering to the balloon
surface on removal of the laser balloon catheter in at least
four patients provided unequivocal evidence of a thrombotic
component to the lesions treated . The strong absorption of
radiation at 1,060 not by thrombus, compared with other
arterial tissues shown experimentally during laser balloon
angioplasty, results in selective, profound dehydration and
associated volume reduction of this tissue . Experimentally,
the desiccated residue is laminated to the luminal surface
and does not embolize, consistent with the lack of angio-
graphic evidence for emboli in patients in whom desiccated
residue was found. Although the presence Or a small amount
of such residue following laser balloon angioplasty on the
balloon surface is highly specific for thrombus, interpreta-
tion of an absence of residue is not possible because the
sensitivity of this finding has not been defined .
The only
potentially serious immediate complication that
occurred during laser
balloon angioplasty was transient
ventricular fibrillation in the first patient, most likely as a
result of excessive flushing of the guide and balloon cathe-
ters with room temperature saline . No cardiac sequelae
occurred following successful reversion of the arrhythmia in
this patient and the use of normal saline at 3rC in subse-
quent patients was not arrhylhmogenic
.
Technical limitations . The most important limitation in
the performance of laser balloon angioplasty in this series
was the nonuniform distribution of Nd :YAG laser radiation
both axially and circumferentially from the balloon, present-
ing two problems
. Thermal sealing of dissections with this
catheter is effective over an axial length of approximately 6
to 7 mm irrespective of the laser dose given and, although
multiple laser exposures can be used to seal larger dissec-
tions, many neointimal flaps are not visible angio€mphically.
Thus, the full extent
of many lesions may not have been
adequately treated
. Equally important, the circumferential
asymmetry in the distribution of radiation may result in an
excessively high exposure of one portion of the circumfer-
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once to adequately expose the full circumference of the
arterial cross section to an adequate laser dose .
The r`ssue temperature history is critical to the biologic
response to the arterial wall. When arterial tissue is heated
experimentally to the threshold for fusion of separated layers
of tissue. inflammatory, cicatrization and thrombogenic re-
sponses are minimal (11,27). However, excessive tissue
heating with the production of an amorphous coagulum that
is associated with a loss of structural detail and disruption of
connective tissue layers can reduce thermal weld strength
and mural integrity as well as promote inflammatory and
cicatrization processes. The combination of a relatively high
laser dose and the nonuniform distribution of radiation from
the balloon may have contributed to the high incidence of
restenosis in the left anterior descending coronary artery is
the first 27 patients treated with laser balloon angioplasty .
When similar multiple high laser doses were delivered to the
circumflex artery in the dog (27), no long-term adverse
reactions on the lumen were noted . The inherently higher
perivascular tissue pressure surrounding the interventricular
left anterior descending coronary and the highly branched
nature of this vessel, compared with arteries in the atrioven-
tricular groove, in theory might result in both stricture from
perivascular fibrosis and a more thrombogenic luminal sur-
face when tissues are heated well beyond the threshold for
thermal fusion (11). At an appropriate level of thermal
exposure, producing peak temperatures of 8W to 100°C,
luminal surface thrombogenicity may be reduced (28) .
Concluslons. Despite technical limitations in the pattern
of
radiation emitted from the balloon, laser balloon angio-
ptasty was predictably effective in increasing minimal lumi-
nal diameter beyond that achievable with conventional bal-
loon angioplasty as a result
of
a reduction
of
arterial recoil,
fusion of separated tissue layers and desiccation of throm-
bus . Therefore, in contrast to the results of conventional
balloon angioplasty alone, luminal dimensions and morphol-
ogy were satisfactory in all patients treated with laser
balloon angioplasty and only one patient required an addi-
tional cardiac intervention related to the study lesion before
hospital discharge to obtain an acceptable clinical result .
Further refinev- nts in laser dosimetry may be required to
determine whether the incidence of restenosis after conven-
tional balloon angioplasty can be lowered by the application
of laser balloon angioplasty .
We thank Leslie M . James, Linda P. Math. Deborah A . Roldea, Hong
Man. Michul Dumont and Richard Pawns for expert technical assistance
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